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® Methoo ana apparatus tor atoring "Dont Care" In a content addreaaable memory cell. 

® A content addressable memory cell is able to store a state rGprosenting "Don't Care*, by storing two bits erf 
data. The "Don't Care* state is indicated by sloring two identical bits corrasponding to a prcdeiorfninod value, 
so that the cell indicates a match regardless of the match data. When the coH is not in the "Don't CarB" state! 
two complementary bits are stored, so that the coll ir>dicates a match only when the match data matches the 
state or The first of the two bits. 
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CflOSS«REFERENCE TO RELATED APPUCATIONS 
Montoye, "ContDnt Addressable Memofy Cell", filed July 16. 1992. 
s BACKGROUND OF THE INVBMTION 

1 . Reld of the Invention 

.« -HH,™' j^nHon relatss to content «ldr.s«ibte memory cells and. more particulartv to a con»ni 
>o eddren^Me memory ci>ll which can . .urte r.p,eson..no "Dont Cara'. '° * 

2. Descripnon of the Related Art 

„ ■ 'ne'flories (CAMs) compare a aoarch word wi,h a sei of stored words An 
k"' " ""^'^ ^'^^^ »'«"«^ « Produced tor eec^^red wort A 
cont^rof .he word .belf. rather then by ita address within .he memory array aa ,n conventional dig!S 
A CAM Includes «n array ot memory celts arranged in a matrix ot rows and eniiimn. p^^i 

Hucad^ e'ach"^"'"'''"'? I """^ °* "^"^ »° - rd.ca?on^ 

produced far each row m .o whether or not the search word matches the word stored therein 

prior^^^h"^,? " ""^ ■ conventional CAM cel. wim matoh looic. accordino to ,hs 
« ZZnT^^ . o"'""' * ""^•^ CAM cell, a storage "all ,o' 

-^-y *he complement of Bit lines BL «.d BL are connected .o the atorage cell 101 via 

S.1hl%rs:r„^ a^:;.^' -"^^ - desi„n..ed"s^^ ^H-c'h 

.nct^s^rL^^r^^^^^^^^^ 

«L w *^ B^oraga cell, or write a state onto the cell 

BL Tthis sL'a^r Br""!rir -.activated, the storage cell 10, i« isolated t,om BL and 

«. I^« J,d i^^^n^ ? «"ted on one of .he bl. 

iTLr ."'"^P""'""' »»""««^ °n "^^ other b.t line. It me state o( BL matches the Mate of s.onr-a ' 

Suse bom^ -nd-h^ TJ. ^ '"^"^ '"•^ '02c will be or, 

(because both BL and b are high). Thus, MV will be pulled low. indicating no match 

isolate^Ho'm ^rnl r' '"^^ ""^ °" ""«^ ^ *'«"«9« cell -Ot is 

bits r.he «LT° »or matches in , CAM. i, i, known in Ihe art ,0 specify "Don-. Care" in one o, more 
b ts of the search wort. Spec.lying 'Don-t Car," means that the CAM cell should signal a match regardless 

and BL low. FollowlnB the match .og.c shown in Figure I. It can be seen that th.s would result ,n rw,v tloatino 
(indicating a match) regartless 01 the stale ot the tlip-iiop. ° 

For example, to search tor all worts tailing within the range 1011000 to lOnin. one might specify the 

.'am'c ZVT'^^ '"T '''' "•'-^ -^'^ -""^ ma-ch^wlth^nTUrt 

lall.no within ,he range, this tecnn.gu. can generally be used only on continuous ranges of woros; 
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dUcontinuouK ranges require mumple search wonds. 

The lachrUqut of specifying -Oont Care" In the search word is 1o be distinguished from specifyino 
-DonU Care* m the stored daia. When -Don't Care- is specified m the search word, a storaoa r:pll will 



specified In the search word, a storaQe cell will 
fodicate a maich regardless of the state of its stored bit. On the other hand, when -Don't Cstb" is storod in 
the stored data, the ceil will indicate a match regardless of the state of the match data. Although H is known 
in the art to specify -Don't Care" in the match data, conventional CAM design does not have the capability 
to spedry "Don't Care" in the stored data. Thit technique is useful — 



discontinuous ranges of words are to be specrfled. 
SUMMARY OF THE INVEJsmON 



in applications where multiple 



In accordance wrth the present invention, there is provided a content addressable memory cell which is 
capable of storing a "Don't Care" state in which a match will be indicated regardless of the state of the 
metch data. 

This is achieved by providing two storage cells within each CAM cell. The two storage cells store two 
bits, permitting a total of (our sUtes: -Q-. -i". "Oont Care*, and a fourth state which may be left unused or 
may indicate "Invalid*. The match logic of the CAM is connected to the two storaoe cells so thai when the 
CAM is in the -Don t Care* state, a match will be indicated regardless of the match data. 

The features and edvantages described in the specification are not aJlinciusive. and particularly, many 
addftionai 1eature« and advantages will be apparent to one of ordinary skill In the art in view of the drawings 
specificaton. and claims hereof. Moreover, n should be noted that the language used in the specmcaliori 
has been principally selected tor readability and instructional purposes, and may not have been selected to 
delineate or circumscribe the inventive subject matter, reson to the claims being nocessery to determine 
such Inventive subject matter. 

BRIEF OESCWPTION OF THE DRAWINGS 

Figure 1 is a diagram of a content addressable memory (CAM) cell, including match logic, according to 
the prior an. 

00 Figure 2 is a diagram of a ftip-flop storage celt according to the prior art. 

Figure 3 ts a diagram of the CAM cell of the present invention, which is capable of storing "Don't Care". 
Figure 4 Is a diagram of an atiernatlve embodiment of the Invention, wherein the CAM ceil has match 
lines independent of the bit lines. 

js DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figures 3 and 4 depict two preferred embodiments of the present Invention lor purposes of illustrahon 
onh^. One skilled in the an will readily rwcognlze from the lollowing discussion that alternative embodiments 
of tho ctructurae and methods illustrated herein may be employed withoui departing from the prrnclplos ol 
-o the invention described herein 

Referring now to Figure 3. there is shown a diagram of a preferred embodiment of the current invention 
Two storage ceils. 301 and 302, are used. Storage cell 301 atores one bit and produces iwo signals. "aK 
and **br. which ere complements of each other, while elorage cell 302 stores a second bit and produces 
signaJsJaZ" and *'b2*. which are complements ol each other. There arv two sets of bit linos: Bit Imes BL. 
-5 and BL, are connoctod to siorage coll 301 via access transistors 303 end 304, while bit lines BU and BL? 
ere connected to storage cell 302 via access transistors 305 and 306. The word line W is connected to the 
gate lerminais of ail four access transistors. The match logic 102 is connected to bit lines BL. and BLs. As 
in the prior art. the match logic 102 has an output MV. which indicates the presence of a match. 

Each of tho signals "ai** and "b2" can be high or low. yielding four possible states for tho CAM celt 
50 One possible interpretation ol tho four states is given in tho following table. 



al 


a2 


Meaning 


Low 


Low 


X (Don't Care) 


Low 


High 


0 


High 


Low 


1 


High 


High 


Unused or Invalid 
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Th© "0^ and "i • slates, where the norsgo cells ctore complementary bits, correspond to the two states 
of a corwentional CAM as doscrlbod abova. The "Don*t Care* sraie. where the storage cells both ctore 
"Low", is used when It Is necessary for the CAM to Indicate a match regardless of the match data. The 
fourth state, where the storage celts both store "High*, may be left unused, or it may be used to indicate an 
invalid bft of data. 

n is imponant to note that the above table only shows one possible interpretation of the states of the 
CAM; other interpretations, such as one m which High/High tndicetes "Don't Care" and Low/Low indicates 
'Invalid*, are also possible. 

in the embodiment of the invention shown in Figure 3. the road/write function operates in essenually the 
same manner as In the prior an. except that two sets of btt lines are used. In particular, the write function 
requires the input value to be esserted on BLt (to be written into cell 301) and hs compiomont to be 
assened on BL3 (to be written into cell 302). When a "Don't Care" is 10 be wrinen into the CAM cell, both 
BLi and BLa are pulled low. The read function requires that both BLi and BU be exemined. in order to 
determine whether the CAM coll contains a valid bit ("0" or "1"). a "Don't Care', or if applicable, an 
"Invalid" bit. 

To perform the match function, all lour access trensistor^. 303, 304. 305. and 306. are deactivated. The 
match data is asserted on line BU. and hs complement is placed on BL^. If the stale of BLa matches the 
state of the CAM cell, the MV signal will float if there is no match. MV will be pulled low. For example, 
suppose we wish to check if the state of the cell is "1*. A high signal is placed on the BU tine and a low 
signal placed on BLi. R the CAM cell's state is "1". then "at" will be high end *a2" will be low (see the 
table above). Therefore, transistor lOZb will be on (because "at" is high), transistor 102a will be off 
(because BLi is low), transistor 102d will be off (because "a2* is low), and transistor I02c will be off 
(because te source terminal is floating). Thus. MV will float, indicating a match. If the Cam cell's state is 
"0". then "al" will ba low and 'a2- will be high. Then, transistors 102b and 102a will oe off. and transistors 
102d and 102c will be on (because bolh BU and 'a2" are high). Thus. MV will be pulled low. indicating no 
match. 

If the CAM cell's atate is "Don't Care", then bolh "al" and "a2" will be low. Then, transistors I02b and 
102d will both be off. causing the source termrnala of transistors 102a and I02c to float. Therefore, no 
matter what aignal la supplied on BL, and BU. MV will float. As a result, when the cell is In th9 "Don*| 
Care" state, it will always respond wKh a match. 

B the CAM cell is in the fourth state, both "al" and "02" will be high. Then, transistors 102b and 102d 
will both be on, causing the source terminals of transistors I02d and 102c to be pulled low. Therefore, 
whenever one of the lines BLi or BU is assened. MV will be pulled low. indicating no match. As a result, 
when the Cam cell Is In this fourth state, it will never respond to match when complementary signals are 
supplied on BLi and BU- Af mentioned above, this state could t>e used to indicate an invalid bit of data- 
Referring now to Rgure 4. there is shown an aliernative embodiment ol the invention. Hpre. the match 
criteria bhs are provided along match lines ML and ML rather then on BU and BL, This embodiment 
Includes the invention described in a U.S. Patent Application filed July I6, 1992 by Montoyo for a "Contem 
Addressable Memory Cell." In this embodiment, match data may bo asserted on the match lines without 
interfering with read/write operations on the sam© cell or other cells tn ihe same row. This embodiment 
permits a match operation to be performed in the same clock cycle as a road/write operation, as described 
in that application. 

From the above description, it will be apparent that the invention disclosed herein provides a novel end 
advantageous apparatus lor storing "Don't Care" in a content adOressable memory coll Tne loregoing 
discussion discloses and describes merely exemplary methods and embodiments of the preseni invention. 
As will be understood by those familiar wttn the an. the invention may be embodied in other apocitic lorms 
without departing from Ihc spirit or csaentisl charocienstics thoreol. For example, diflerent forms ol ihe 
storage cells, access gales, or match logic may be used in piece ot those dascfit>ed m the above 
description and corresponding diagrams Also, the designations "High" and "Low", as won as "i " and "0" 
may be transposed. Accordingly, the disclosure ol Ihe present invention 15 intended to be iliustralive. but 
not limiting, of the scope of tne ir^vontion. which is set forth in Ihe following claims 

Claims 

1. A content addressable memory cell including a storage portion having at teast two lerminals lor storing 
two bits ol data and for generating a signal on each ol the terminals, the first signal corresponding to 
the first oit and the second signal corrGJpondmg to the second bit. characlerized In that the memory 
cell operates in a lirst state in which the iwo bits are complementary . end in a second siato m which 
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mo «ro compiomcntary and oppoaite to thalr status In tho first state, and in a third state In 

which the two bits are identicaJ. for representing -Don't CanB-; in thai a reading/writing drcuii is 
cortnocled to the terminals of the storape portion for reading data bits trom and wriitng data bita to the 
ctorage portion; and in that a match detector has a first match Input for accepting match data, and two 
data inputs each connected to a corresponding terminal of the storage portion, and an output tor 
aignaling a match when the sutus of the firsl match Input Is the same as the stahis of the first data 
input or when the status of the first and second data inputs is identical and corresponds to a 
predefined "Don't Cere* signal. 

The content eddressable memory cell acoording to claim 1. characterlrcd in that the storage ponion 
includes a first storage cell and a second storage cell, each of the storage celts having a terminal 
corresponding lo one of the terminals of the storage portion. 

The coniani addressable memory cell according to claim 2. characterized in that the match detector 
further includes a eecond match input for accepting a complement of (he match data. 

The coment addressable memory cell according to claim 3. characterized in the reading/writing circuit 
--ificludcs firsl access element lor selectively accessing the first storage cell and a second access 
elenrwm for selectively accessing the second storage cell: in that a first bit line is connected to the first 
access element and to the first match Input and has a first mode for reeding fmm end writing to the 
first storage cell, and a second mode for supplying the match data to the first match input and in that a 
eecond brt line is connected to the second access element and to the second match input, and has a 
first mode for reading trom and writing to the second storage call, and a second mode for supplying a 
complement of the match data to the second metch Input 

The coniem addressable memory cell according to claim 4. characierized In that the first access 
clement Includes a first access transistor having a source terminal connected to the temMnal of the first 
storage coll, a drain terminal connected lo the first bit tine, and a gate terminal connected to word line- 
end In that the second access element includes a second access transistor having a source terminal 
connected to the terminal of the second storage coll. a drain terminal connected to the second bh line 
and a gate terminal connected lo the word line. 

ThQ content addressable memory cell according to claim S. characto;ized in that the first storage celt 
Includes a first inverter having an Input, and an output connected to tho terminal of the first storage cell 
and a second inverter having an input connected to the output of the first inverter; and an output 
connected to the input ot the firsl inverter; and in that the second storage cell includes a third invertar 
having an input, and an output connected to the terminal of the second storage cell and a fourth 
inverter having an input connected to Ifm output of the third inverter, and an output connoctod to the 
tnput of the third inverter. 

The content addressable memory cell according to claim 6. characterized in that the match detector 
includes a match valid line for signaling a match, in that e first ironsistor has a gate tenninal connected 
to the first bit line, e source terminal, and a drain terminal connected to the match valid line in that a 
second transistor has a gate lermmal connected to the terminal of the first storage cell a source 
terminal connecteo to ground, and a drain frminal connected to the source terminal of tho first 
transistor: in that a third trsnsisior has a gate terminal connected to tho second bit tins a source 
terminal, and a drain terminal connected to the match valid line; and .n that a fourth transistor has a 
gate terminal connected lo the terminal of the second storage cell, a source terminal connected to 
ground, and a dro.n lerminal connected to the source termmat of the third transistor. 

The content addressable memory cell according to claim 3. character.zed in that the reading/writ.ng 
arcuit includes a first access element lor selectively accessing tha firsi sloroge ceil ana second access 
element for selectively accessing the second storage coll: In that a first bit line is connectad lo the first 
access element for reading from one writing to tho first storage cell: in that a second btt line is 
connected to the second access element lor reading from ana writing to trte second storage cell. 

The content addreysabia memory cell according to claim 8. characterized In thai a firsl match line Is 
connected to the first match tnput for supplying ihe match dare to the first match mpuc and In that a 
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second match lino is connected to ihe cecond match input lor wpplying a comptoment of the match 
date tD iho second match Input. 

The content addressable memory coll according to daim fi, characterized in that the firat aocesa 
element mdudes a first access translator having a courco terminal conneaed lo the temtlnal of the ftrst 
storage cell, a drain terminal connected to Ihe first bit fine, and a gate terminal connactod to a word 
Ime: and in that ttie second access element indudes a second access transistor having a source 
terminal connected to the tenrvinal of the second storage coO, a drain terminal connocted to tho second 
bit lino, and a gate terminal connected to the word line. 

to 

11. The contenl addressable memory cell according to claim 10, ctiaracterized in that the firxt storage cell 
includes a first inverter having an input and an output connocted to the temtlnal of the firel storage cell, 
snd indudes a second inverter having an input connected to the output of the first inverter and art 
output connected lo the input of the first inverter, and in that the second etorago cell indudes a third 
IS inverter having an input and an output connected to the terminal of the second storage cell, and 
indudes a fourth inverter having en input connected to the output of the third inverter an output 
connected to the input of Ihe third inverter. 

1Z The content addressable memory cdl according to daim 11. characterized in that the match detector 
» Includes a match valid lino provided for signaling a match; in that a first transistor has a gate terminal 
connected to tho first match line, a source terminal, and a drain tenninal connected to tho match valid 
line; In that a second transistor has a gate terminal connected to the terminal of the first storage cell, e 
source terminal connected to ground, and a drain terminal connected to the source terminal of tho first 
transistor: In mat a third transistor has a gaie terminal connected to the second match line, a source 
25 tenninal. and a drain temninal connected to the match valid line; and in that a fourth transistor has a 
gate tenninal connected to the terminal of the second storage cell, a source torminsi connected to 
ground, and a drain terminal connected to Ihe aource tenninal of the third transistor. 

13. A method of checking for matches in a content addressable memory cell including e •Dent Care" 
30 operating sute. charactehzed in that match data is provided; two bits of data are read frum the memory 
cell: a mach is signaled if the two bits of data are identical end equal a predetermined state; and in 
that a match Is signaled if the iwo bits of dara are not identical and the match data matches a first ot 
the two bits of data. 

36 14. A method according to claim 13 of storing oaU in a content addressable memory cell Including a 
Don't Care* operating state and having finx and second storage cells, characterized in thai a bit 
corresponding to a predeienninod state is stored in the lirst storage cell if the "Don't Care" state is to 
be asserted, and othon^^lse storing a first bit ol data in the firsi storage cell; and in thai a btl 
corresponding to the predetermtned state is stored in a second storage coll If the 'Don't Care" -^tale Is 

« to be asserted, and othorwise stonng a second bit of data complementary to the hrst bit of data in the 

second storage cell. 
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